With this research, we aim to finally elucidate the pathophysiology of chronic rejection (bronchiolitis obliterans syndrome, BOS) after lung transplantation, which is one of the major hurdles to achieve a better long term survival after lung transplantation. 50% of patients suffer from chronic lung rejection within 5 years after lung transplantation.
Method
Unused donor (n=6) and explanted lungs (n=7) from patients with BOS, collected at retransplantation, were rapidly frozen near total lung capacity and Multi detector volumetric computed tomography (MDCT) scans were performed on the intact specimen. This provides us with the best oppurtinity to look at the lung in inspiratory condition. The specimen was then cut into 2cm thick slices and cores of tissue removed from each slice were fixed using 4% glutaraldehyde, dehydrated using increasing ethanol gradients, chemically point-dried (hexamethyldisilazane) and subsequently examined by ex-vivo micro-CT (skyscan 1172, 40kv, 250µA) (figure 1). We analyzed the micro-CT scans and counted the number, diameter and area of terminal bronchioles manually (figure 2 shows the definition of a terminal bronchiole as the last bronchioles without alveolar openings from their walls). Blood vessels can be distuingished manually from airways by the dense filling of the lumen. After micro-CT, we rehydrate the samples, inbed the samples and use them for histological analysis (H&E staining). We matched up histology and micro-CT by using reconstruction in different planes. Interesting areas were selected using micro-CT and serial section was performed. 
Results
The MDCT scans demonstrated a normal number of airways (BOS vs. control) at each generation when all the branching pathways were examined, but, starting from generation 5, airways <2mm appeared to narrow and become occluded. Micro-CT analysis demonstrated an equal number of terminal bronchioles in BOS (4.4±1.1/mL) compared to controls (4.8±0.7/mL, p=0.66) and there was no difference in microCT diameter (360±33µm vs 370±31) and area (0.159±0.25mm² vs 0.156±0.20mm²) of terminal bronchioles (p=0.39 and p=0.93) (table 1).
Two different types of occlusive lesion were identified within more proximal airways: one with complete fibrotic obliteration of the airway lumen (obliterative bronchiolitis), due to increased collagen accumulation within the lamina propria of the airway wall (2C-D). And a second type of lesion where a narrowed lumen is occluded by material that does not appear to contain collagen (2A-B). In both cases these obliterating lesions re-open into airways with normal morphometry that lead to alveoli after a mean length of 1063±157µm. CTAN and CTVOL were used to make a 3D reconstruction of both types of airways which are shown in figure 4 and 5.
BOS
Donor Micro-CT TB/mL, n 4.4±1.1 4.8±0.7 Cross-sectional area TB, mm² 0.159±0.25 0.156±0.20 Diameter TB, µm 360±33 370±31 Total number of TB per lung, n 10847±4644 15710±4349 Cross sectional area of TB, mm² 1807±775 2447±700
Conclusion
Freezing lungs at TLC allows us to investigate airway changes within explants lung specimens. Fixing the samples in glutaraldehyde, dehydrating them and chemically point drying these specimens allows examinations of airway alterations.We could demonstrate that airway occlusion is associated with BOS and that the obstruction is located in preterminal bronchioles, re-opening into normal appearing airways before the terminal bronchioles are reached. 
